Abstract
Introduction
Farmers in Nigeria, and elsewhere, have always struggled with the availability of information about the soil. Without these information and guidance, the agricultural sector faces a lot of wastage and decrease in profit margin (Shephard and Soule, 1998) . In southeastern Nigeria, as elsewhere, soil fertility is of critical importance and significantly affects the value and productivity of a parcel of land. One problem associated with watersheds in the region especially when it is within human habitats is loss of soil fertility. There has been uncertainty over the fertility status of soils around the Otamiri River watershed (Ushie et al, 2005 and . Also, Onweremadu et al (2008) believed that activities around the watershed, namely, mining and exploitation of sand and gravel and farming, have affected the soil fertility. The focus of this paper is to investigate the soil fertility condition paying attention to the soil characteristics and soil fertility properties. The study expect to identify soil nutrients concentration at different points and depths in the watershed, soil physical and chemical properties of the watershed, map the soil properties of the selected area and assess the soil fertility properties of the watershed using GIS.
Description of the Study Area
This study was conducted within the River Otamiri watershed covering about 262. The soils of study area, mainly ferralsols, are generally, derived from coastal plain sands (known as Benin formation) of the oligocene-miocene era. The
Indexed African Journals Online free iron oxides. According to Areola (1983) in southeastern Nigeria, the predominant loose sandy soils have completely broken down structurally due to over-cultivation. From the hill summits and slopes, the soils have been washed away leaving fragments of degraded laterite crusts strewn all over the land surface. It is within the humid tropics, characterized by an annual rainfall range of 2250-3500mm. Daily temperature are generally high with a mean of 27 0 C in all seasons.
Depleted rainforest vegetation dominates the site which has a sloping topography. The slopes have southwest orientation and run into the River Otamiri in Owerri West Local Government Area of Imo State in southeastern Nigeria. Little arable farming is practiced on this landscape due to fragility of soil, although population presence is gradually impacting on it (Ajayi et al, 2003 and .
Materials and Methods
Reconnaissance survey was carried out and the sampling sites were georeferenced using a handheld Global Positioning System (GPS) Receiver. The geo-referencing focused on 3-dimensional measurement (that is, latitude, longitude and altitude).
On the sampling sites, 3 transects (representing 3 physiographic units of the site, namely crest, midslope and valley bottom) 100m apart, made of 3 points (A, B, C for crest) each, dug to 2 depths (0-15 and 16-30cm) where sampled to give a total of 18 soil samples (Tables 1, 2 and Figure 1 ).
The soil auger used for the collection was marked at depth with the aid of a nail and a meter rule. This was inserted into the ground by turning in a clockwise direction until the marked depth was reached. It was then pulled upward to remove the soil. The soil at the tip of the auger was collected into a zip lock plastic bag and represents the soil at the depth. The bagged samples were taken to the laboratory of the Federal University of Technology, Owerri where they were air-dried and sieved using 2mm sieve in readiness for laboratory analysis. The test involved determination of the soil pH, soil mechanics, organic carbon, calcium and magnesium, exchangeable bases (Na+ and K+), exchangeable acidity, phosphorus and total nitrogen, The effects of physiography (crest, midslope and valley bottom) and depth (0-15cm and 16-30cm) on fertility parameters were analyzed using GIS technique. The coordinates of sampling points were converted to meters and used to spatially geo-reference the area and build digital elevation model as
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shown in Figure 1 . The database was then imported into an ArcView 3.2a GIS Software for the analysis which interpolates grid on inverse distance weight and the data was presented in a spatial format.
Result and Discussion
From the basic standard soil analysis performed, various distinct modifications on soil fertility parameters were observed. Topographic variation appears to lead to compositional heterogeneity within the study area enabling the occurrence of variation in soil fertility condition. The experimental variation in various soil parameters along the topographic positions were illustrated on Table 3 , 4 and5.
At both depths, the soil is generally sandy. Sandiness decreases down slope and silt size and clay size fraction increases towards the valley bottom for both soil depths. Generally, sand size fraction followed by clay fraction dominates the study area at both depths (see Tables 3 and 4 ). This is attributed to parent material and climate of the study area as presented in Brandy et al, (1999) .
Clay and silt percentage are higher at the valley bottom suggesting that both sizes are easily transported from summits to depressions. This could be to their smaller and lighter nature when compared with heavier sand size fraction. These are illustrated on Figures 3 and 4.
Variation of pH with topographic position is illustrated in Figure 4 and 5 for upper and lower soil layers respectively. At both depths and along the slope, the pH ranges from 4.67 -5.62 as indicated in Tables 1 and 2 . Within the crest the pH is strongly (5.0-5.5) and become very strongly acidic (4.5-5.0) at the mid slope. The soil pH is subsequently increased at the lower landscape (valley bottom).
Higher pH at the crest is attributed to cropping history and parent material while low pH at the midslope is attributed to leaching of cations (which provide the OH -ions Effective cation exchange capacity concentration ranges from 0.676-3.764meq/100g in the upper soil layer and 534-4.274meq/100g in the lower soil layer. Its variation along the slope is illustrated for upper and lower soil layers respectively. Higher ECEC concentration was noticed at the crest and Indexed African Journals Online valley bottom and lower at the midslope, suggesting higher concentration of organic carbon and clay fraction at the crest and valley bottom and low at the midslope. Low ECEC at the midslope is attributed to low pH as ECEC decreases with acidification (Igwe et al, 1995) The spatial variation of organic carbon content along the topographic positions at both upper and lower layers of the study area were also revealed.In the upper layer of the soil, organic carbon is highest at the crest and decreases along the slope with little increase at the valley bottom. Decrease at the midslope is attributed to low soil pH and to low total organic carbon value and this agrees with the findings of Stephenson (1994), possibly, due to low organic matter decomposer on acidic soil. Subsequent increase in organic carbon percentage at some points in the valley bottom is due to high pH and transportation of organic compounds from the crest to the valley bottom. This increase can also be attributed to high clay particles fraction suggesting clay as a primary variable in controlling the variability of soil organic carbon.
Total nitrogen concentration range of 0.008 to 0.068% and 0.018-0.048% for upper and lower soil layers was revealed. The study also showed that total nitrogen decreases with depth. It is observable that total nitrogen is highest at the crest and decreases down the slope. This is attributed to high organic carbon. Total nitrogen decrease at the midslope is attributed to leaching erosion and runoff. Nitrogen is always present in soil solution and will move with soil water [See Figure 5 ].
Lower total nitrogen at the valley bottom is suggested to be as a result of high pH and denitrification, while high pH stimulates nitrogen volatilization.
Available phosphorus concentration ranges from 12.9 -25.2ppm and 8.4-19.6 ppm for upper and lower soil layer respectively. From Figure 6 , it is observable that available phosphorus decreases down the slope showing marked increase at the valley bottom. This increase is attributed to high clay particle fraction because most fine to medium texture soils has large capacity to hold phosphorus by absorption and precipitation. According to Mclean,(1982) this may also be as a result of higher pH which is within the range ±5.5-7.5.Decrease at the midslope is attributed to low pH which promotes fixing of inorganic phosphorus with positive ions such as Al 3+ to form aluminum phosphate. The decrease can also be associated with soil erosion as phosphorus is closely attached to soil material.
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The study reveals that the soil of the study area is acidic with the pH range of 4.67 -5.67 at both soil depths (0-15cm and 16-30cm). Generally the soil is sandy with low organic carbon (0.118-1.735%), low ECEC (0.604-4.224) and low total nitrogen and available phosphorus.
The result also shows decrease in value of organic carbon, total nitrogen and available phosphorus with depth. The result also indicates decrease in value of all soil fertility parameters tested for, at the midslope.
Conclusion
This study revealed the soil fertility condition of the River Otamiri watershed and presented soil fertility parameter variations with topographical heterogeneity. The results further showed that the study area has low nutrient values at all topographic positions and more at the midslope. These properties are attributed to climate, vegetation, parent material, leaching, runoff and soil erosion. The results also revealed that the soil is dominated by sand, and acidic at all points with pH higher at the crest and valley bottom. Based on these observations, the fertility condition of the soil can only support crops that require minerals and nutrients that are soluble and available in an acidic soil and suitable for plants with long taproot (Uzoho and Oti, 2005) . Such plants include azalea, rhododendron, blue berries, white potatoes, tomato, carrot, and conifer tress, etc.
The inability of some crops to thrive comfortably in this area is attributed to low pH which is one factor that affects other soil fertility parameters and properties such as solubility of minerals, nutrients, activity of microorganisms. It inhibits organic matter break down and results to accumulation of organic matter as well as the tie up of nutrients particularly nitrogen that are held in organic matter. This soil fertility condition is attributed to leading, runoff, soil erosion, soil structure, climate, and parent material. To salvage the situation resulting from nutrient loss, proper management practices to maximize nutrient cycling and nutrient use efficiency should be adopted. ECEC=effective cation exchange capacity and ppp=parts per million Vol. 5 (4), Serial No. 21, July, 2011. Pp. 511 - 
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